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First Beta-Decay Study with CARIBU and 
Gammasphere: 142,144Cs to 142,144Ba 



CARIBU beam at Gammasphere 

2	  

	  
1.   Coulomb	  excita0on:	  	  

–  Reaccelerated	  Beams	  

2.   Decay	  studies:	  	  
–  Low-‐energy	  Beam	  
–  Reaccelerated	  Beams	  

	  

	  
	  
Limi0ng	  Factor:	  	  

	  Beam	  Intensity	  (Source	  Strength,	  ATLAS	  efficiency)	  	  
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Reaccelerated CARIBU beam on GS Target:144Cs 
•  144Ba:	  β-‐decay	  life0me:	  11.5	  s;	  	  144Cs:	  β-‐decay	  life0me:	  1.0	  s	  

Beam intensity: ~30 pps; total time of beam on target: 4 hours 
Estimated stable beam intensity: ~106-7 pps 
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β-delayed neutron emission 

β-decay branching ratio of 144Cs 
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A: Peak Area of γ-ray in decay spectrum; 
ε: Relative efficiencies; 
b: γ intensities per 100 β-decay 



β-delayed neutron emission branching ratio of 144Cs 
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A: Peak Area of γ-ray in gated spectrum; 
ε: Relative efficiencies; 
b: γ intensities per 100 β-decay 

Adopted value: 0.0303(12) 
Nuclear Data Sheets 93, 599 (2001)  



Reaccelerated CARIBU beam on GS Target:142Cs 
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β-delayed neutron emission branching ratio of 142Cs 
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Adopted value: 0.00090(4) 
Nuclear Data Sheets 112, 1949 (2011)  



γ-spectra of 142Cs β decay 

Total projections: 
γ rays in 142Ba, 142La, and 142Ce 142Ba: 360-keV(2+→0+) γ ray gated 



Expanded β-decay level scheme of 142Ba 

71 levels 
215 γs 

Sn=6183(8) keV 

1054 keV 



Spin Assignments: Angular Correlations 

Weak Transitions: I(θavg1)/I(θavg2) 
θavg1=31.5°; θavg2=79.2° 



Understanding the decay scheme 



Systematics of quadrupole and octupole collectivities 
in neutron-rich barium nuclei: 

W. Nazarewicz, et. al,  
NPA429, 269, 1984 

Coulomb excitation: direct measurements of B(E1), B(E2), B(E3) 



Partial level scheme of 142Ba 
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logft Angular Ratios: 
•  γ360-γ2924:   0.78(4) 
•  γ967-γ1137:   1.2(2) 
  γ1326-γ1137: 1.7(2) 



Partial level scheme of 142Ba: Multi-phonon states? 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been 
corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then 
insert it again.

Eγ	  (keV)	   Iγ	
 Bγ	


3284	   100(5)	   100(5)	  

2924	   80(4)	   56(3)	  

1992	   5.3(14)	   13(3)	  

1957	   15.3(18)	   100(12)	  

1748	   1.1(2)	   7.5(14)	  

820	   5.5(5)	   353(32)	  



Summary 

•  Gammasphere is powerful in beta-decay studies of CARIBU 
beams; 

•  β-decay branching ratio to 2+ and ground state in 144Ba 
•  β-delayed neutron emission branching ratios of 142,144Ba 
•  Spectroscopic information of 142Ba from 142Cs β-decay was 

extended substantially; 
•  Candidates of multi-phonon states were observed in 142Ba 
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